Rationale and objective We sought to examine the impact of differing cocaine administration schedules and dosing on the magnitude of cocaine conditioned place preference (CPP), extinction, and stress-and cocaine-induced reinstatement of CPP. Methods First, in C57Bl/6J mice, we investigated whether total cocaine administration or pattern of drug exposure could influence the magnitude of cocaine CPP by conditioning mice with a fixed-low dose (F L ; 7.5 mg/kg; total of 30 mg/kg), a fixed-high dose (F H ; 16 mg/kg; total of 64 mg/kg), or an ascending dosing schedule (Asc; 2, 4, 8, and 16 mg/kg; total of 30 mg/kg). Next, we investigated if cocaine or saline is more effective at extinguishing preference by reconditioning mice with either a descending dosing schedule (Desc; 8, 4, 2, and 1 mg/kg) or saline. Finally, we examined if prior conditioning and reconditioning history alters stress (~2-3-min forced swim test) or cocaine-induced (3.5 mg/kg) reinstatement. Results We replicated and extended findings by Itzhak and Anderson (Addict. Biol. 17(4): 706-16, 2011) demonstrating that Asc conditioning produces a greater CPP than either the F L or F H conditioning schedules. The magnitude of extinction expressed was similar in the Desc reconditioned and saline groups. Moreover, only the saline, and not the Desc reconditioned mice, showed stress and cocaine-induced reinstatement of CPP. Conclusions Our results suggest that the schedule of cocaine administration during conditioning and reconditioning can have a significant influence on the magnitude of CPP and extinction of preference and the ability of cocaine or a stressor to reinstate CPP.
Introduction
Conditioned reward studies routinely involve associating a distinct environment with a reward by using a fixed daily dose of a drug during training. However, a fixed pattern of drug administration does not mimic the progressive human pattern of drug intake frequently found in the clinical literature (Gawin 1991) and may fail to engage the same neural substrates and learning and memory processes (Ahmed et al. 2002; Ferrario et al. 2005; Koob and Kreek 2007; Porrino et al. 2002; Smirnov and Kiyatkin 2010; Vanderschuren and Everitt 2004; Zhou et al. 2011) .
The conditioned place preference (CPP) paradigm has been increasingly used over the past few decades and is now one of the most commonly used behavioral reward models (Tzschentke 2007) . CPP is a robust non-contingent model of drug reward and is frequently used to examine the motivational and conditioned rewarding properties of drugs of abuse. An important recent study by Itzhak and Anderson (2011) demonstrated that conditioning mice with one of two ascending dose schedules of cocaine led to a more robust expression of cocaine CPP than a fixed-high dose of cocaine. Interestingly, the total cocaine administered was lower in the ascending groups (45 or 30 mg/kg total) than in the fixed-high-dose group (64 mg/kg total). These findings suggest that the pattern, rather than the total cocaine administered, may be of primary importance in establishing a reliable animal model that replicates the increased intake over time reported in the clinical literature (Angarita et al. 2010 ). However, it is possible that the 16-mg/kg dose used in that study was not optimal, and a lower fixed dose of cocaine would have produced a more robust CPP (Mantsch et al. 2010) . Moreover, the Itzhak and Anderson (2011) study also demonstrated that the pattern of drug administration-although in a descending dose patternmay be similarly important during extinction training in providing resistance to subsequent cocaine-induced reinstatement of cocaine CPP.
Here, we have replicated and extended key findings of the Itzhak and Anderson (2011) work. First, we replicated their findings in B6:129S F2 hybrid mice using C57BL/6J mice, demonstrating the ability of this dosage schedule to be relevant for inbred lines. Next, we extended their findings by demonstrating that an ascending schedule of cocaine conditioning produced a greater magnitude of cocaine CPP than a low-fixed dose cocaine administration schedule that resulted in the same overall level of cocaine exposure. Finally, we examined the ability of reconditioning with saline or a descending dose of cocaine to extinguish cocaine CPP. Our results are consistent with the previous report finding that a descending dose of cocaine is as effective as saline at extinguishing preference for the cocainepaired context. However, reconditioning training with a descending dose of cocaine offered resistance to subsequent cocaine priming and stress-induced reinstatement of cocaine CPP.
Methods

Subjects
Experiments were conducted on male C57BL/6J mice (Jackson Laboratory, Bar Harbor, ME) aged 8-12 weeks and housed two to five/cage with ad libitum access to food and water. Testing commenced at least 1 week after acclimation to the facilities. All procedures were approved by the Vanderbilt University Animal Care and Use Committees and were in accordance with the Animal Welfare Act. The number of mice used is reported in the figure legends.
Place conditioning apparatus
The place conditioning apparatus used here was described in detail previously (Davis et al. 2008) . Briefly, the two chamber place conditioning apparatus consists of a box insert that slides into the open-field chamber (Med Associates; St. Albans, VT). The two compartments of the conditioning box were separated by a single removable guillotine door. One chamber has metal mesh flooring, which was always paired with saline, and the other chamber has bar flooring which was always paired with cocaine (Med Associates Inc., product number ENV-3013-2). Each chamber was equipped with horizontal sensors, and a 4-cm null zone on each side of the guillotine door was used to increase the likelihood of mice being fully within one compartment when their presence was counted. Med Associates Activity Monitor software was used to track and score the time spent in each compartment and distance traveled.
General conditioning procedures
All conditioning and testing was carried out in a dedicated CPP test room (Vanderbilt Murine Neurobehavior core: http://kc.vanderbilt.edu/mnlcore/) located in the same facility as the mouse housing room. Mice were kept on our regular animal facility light cycle (lights on at 0600 hours and lights off at 1800 hours). Mice were exposed to the CPP chamber for 20 min in all sessions. All conditioning days had two sessions/day, Session I was conducted between 1000-1200 hours. Session II was conducted between 1400-1600 hours. Saline was always given in session I, unless otherwise noted, and saline-injected mice were always restricted to exploration of the mesh-flooring compartment (guillotine door in place) during conditioning. Cocaine was always administered in session II, and mice were restricted to exploration of the bar compartment (guillotine door in place). All mice were allowed to freely explore (described below) in a drug-free state, with unrestricted access to both compartments. All mice were tested between 1200 and 1400 hours to prevent prior experience with a drug given at the same time during the day on previous conditioning sessions from providing a temporal cue and unduly influencing behavior on a particular test. Previous testing by our group on this particular place conditioning apparatus has reliably produced a small but significant innate bias for the mesh flooring; however, mice expressing a preference of greater than 33 % for one side on the pretest were removed from the study (1/48 mice). Because the lesser-preferred bar flooring was always paired with cocaine, mice that express cocaine CPP were, thus, overcoming this small innate preference.
The schedule is shown in Fig. 1 . On day 1, mice habituated to the chamber during a pretest in which access to both compartments is unrestricted (no guillotine door in place). Conditioning occur on days 2-5, and two sessions held on each of the four conditioning days (total of eight conditioning sessions). Saline and cocaine were administered intraperitoneally (i.p.). All injections were given immediately prior to placing the animal in the conditioning chamber. At the end of each session, the chamber was thoroughly cleaned with 70 % EtOH and detergent supplied by the mouse neurobehavioral core.
During conditioning session II on days 2-5, mice were evenly divided based on pretest preference data and placed into one of three groups that differed in cocaine schedules: fixed (low) dose (F L ; 7.5 mg/kg/day for 4 days), n016, 30-mg/kg total intake; fixed (high) dose (F H ; 16 mg/kg/day for 4 days), n015, 64-mg/kg total intake; or ascending dose (Asc; 2 mg/kg on day 2, 4 mg/kg on day 3, 8 mg/kg on day 4, and 16 mg/kg on day 5), n015 30-mg/kg total intake.
The F H dose was chosen for our study based on a previous work showing that this dose produced significant cocaine CPP (Itzhak and Anderson 2011) and 16 mg/kg was also the highest dose used on the Asc dose schedule. The F L dose was chosen based on studies showing that maximal cocaine CPP in C57Bl/6 J mice is achieved using a fixed cocaine dose <15-mg/kg cocaine (Mantsch et al. 2010; Miner 1997; Schindler et al. 2010) . Further, this F L schedule using 7.5-mg/kg dose allowed us to investigate, in addition to schedule of reinforcement, whether total amount of cocaine administered (30 mg/kg in both F L and Asc groups) is a contributing factor in the magnitude of observed cocaine CPP. Finally, this Asc schedule was based on previous work showing that this schedule and higher Asc dosages of 3, 6, 12, and 24 mg/kg produced cocaine CPP of comparable magnitude (Itzhak and Anderson 2011) .
Expression of cocaine CPP
On day 8,~72 h after the last conditioning session, mice were tested for the expression of cocaine CPP (post-test 1). During the post-test, mice were treated as they were for the pretest with unrestricted access to both compartments and no injection given. Mice were placed on the mesh side at the start of test, and locomotor activity and time spent in the cocaine-and saline-paired chambers were recorded.
Extinction procedures
Reconditioning
On days 9-12 ( Fig. 1 ), all mice were divided into two reconditioning groups, descending (Desc) and saline (Sal), with six subgroups. The first reconditioning group was exposed to a descending schedule of cocaine dosing (Desc; 8 mg/kg on day 9, 4 mg/kg on day 10, 2 mg/kg on day 11, and 1 mg/kg on day 12), resulting in three descending Fig. 1 Timeline of paradigm. All testing days (pretest and post-tests) were carried out at 1200-1400 hours. Conditioning represents days 2-5, with two sessions per day (morning session, saline, 1000-1200 hours; afternoon session, cocaine, 1400-1600 hours) during which mice were assigned to one of three groups (F L , F H , or Asc; described in the Groups box). Off represents the time in which mice are left undisturbed in home cages in housing facility and are shown in dark gray in the timeline. Post 1 represents post-test 1 in which mice were tested for initial preference for the cocaine-paired side. Reconditioning represents days 9-12 during which two sessions of training held per day (morning session, saline, 1000-1200 hours; afternoon session, cocaine, or saline, 1400-1600 hours), and mice were assigned to one of two groups (Sal or Desc, described in the Groups box). Post 2 represents post-test 2 in which mice were tested for preference for the cocaine-paired side following reconditioning. Free exploration represents extinction sessions in which no injections were given (1200-1400 hours). Stress administration/priming injections are denoted with arrows above treatment line. FST represents administration of the~2-3-min forced swim stress, and Cocaine represents the 3.5-mg/kg priming injection of cocaine. Reinstate 1 and Reinstate 2 represent the stress-induced (FST) reinstatement test (post 3); and the cocaineinduced reinstatement (post 4; both administered 1200-1400 hours). Restricted access to either the mesh or bar chamber is shown in white. Unrestricted access to both compartments of the chamber, during testing and free exploration days, is shown in light gray. The Groups box describes the schedule of conditioning and reconditioning subgroups based on prior conditioning history: fixed-low (7.5 mg/kg) dose-descending (F L -Desc) subgroup, fixedhigh (16 mg/kg) dose-descending (F H -Desc) subgroup, and ascending (2, 4, 8, and 16 mg/kg)-descending (Asc-Desc) subgroup. The second group of mice was reconditioned with saline, resulting in three additional reconditioning subgroups based on prior conditioning history of fixed-low (7.5 mg/kg) dose-saline (F L -Sal) subgroup, fixed-high (16 mg/kg) dose-saline (F H -Sal) subgroup, and an ascending (2, 4, 8, and 16 mg/kg)-saline (Asc-Sal) subgroup. As with the first round of conditioning, all mice were exposed both to a morning (session I, saline) and afternoon (session II, descending cocaine schedule or saline) reconditioning sessions, for a total of eight sessions over 4 days.
Post-test 2 (following reconditioning)
On day 15,~72 h after the last reconditioning session, all mice were retested for expression of cocaine CPP, in a manner identical to that described in the "Expression of cocaine CPP" section (above).
Reinstatement tests
Free exploration
To ensure extinction of cocaine CPP, mice were exposed to two rounds of free exploration sessions (extinction sessions) with one session per day on days 16-19 and again on days 21 and 22. During free exploration, mice were given access to both sides of the chamber, and no injection was administered. Such sessions provided additional data on the rate of extinction. Similar to "test" sessions, locomotor activity and time spent in the cocaine-and saline-paired chambers were recorded.
Stress-induced reinstatement
On day 20,~24 h after the final session of the first round of free exploration, mice were exposed to a~2-3-min forced swim (FS) in warm (22-28°C) water. At the end of the forced swim test (FST), mice were towel-dried and placed immediately into the mesh side of the chamber, with access to both compartments (post-test 3). Locomotor activity and time spent on the cocaine-and saline-paired sides were recorded.
Cocaine-induced reinstatement
On day 23,~24 h after the final session of the second round of free exploration, mice were administered a 3.5-mg/kg "priming" dose of cocaine and immediately placed into the mesh side of the chamber, with access to both compartments (post-test 4). Locomotor activity and time spent on the cocaine-and saline-paired sides were recorded.
Statistical analysis
When determining whether a cocaine dosing schedule had any significant effect on the expression of CPP, a two-way analysis of variance (ANOVA) In all experiments, locomotor activity was also analyzed using a one-way ANOVA. A P value <0.05 was considered significant. When an interaction effect was significant, Bonferroni (for two-way ANOVA) or Student Newman-Keuls (SNK; for three-way ANOVA) post hoc tests were performed. All statistical analyses were performed using Prism GraphPad v.6.0.
Results
Experiment 1: Conditioning with an ascending dosing schedule results in a higher magnitude of cocaine CPP than conditioning with fixed dosage schedules This experiment was designed to investigate how different schedules of cocaine and total intake influence the magnitude of CPP. The magnitude of CPP was calculated as the total amount of seconds spent on the cocaine-paired side. No differences were found on locomotor activity between groups (data not shown). The magnitude of CPP (seconds spent on the cocaine-paired side), as the dependent variable, showed significant differences between the groups on pretest compared to post-test 1 [F(1, 44) 066.24, P <0.05; Fig. 2] and an interaction of test and treatment [F(2, 43)0 3.02, P < 0.05; Fig. 2] . A Bonferroni post hoc analysis revealed that all three groups showed a significant increase in the time spent on the cocaine-paired side on the preference test (post-test 1), suggesting that all three dosing schedules effectively establish cocaine CPP (P < 0.05). However, the magnitude of CPP expressed on post-test 1 in the ascending dose (Asc) group (838±21 s) was significantly higher than that of the fixed-low (F L ) group (746± 18 s, P<0.05) and the fixed-high (F H ) group (731±25 s, P< 0.05). No significant differences were observed between the F L and F H groups.
Our results also suggest that total cocaine dosing was not a factor. By the completion of the four conditioning sessions, the Asc group and the F L groups had both received 30-mg/kg cocaine, yet the magnitude of preference expressed in the Asc group was significantly higher than the F L group. Likewise, the F H group received more than twice as much cocaine (total intake064 mg/kg) compared to the F L group (total intake030 mg/kg), yet the magnitude of preference expressed was not significantly different between the two fixed-dose groups. These findings suggest that the conditioning pattern was more important than the total amount of cocaine administered.
Experiment 2: Reconditioning with either a descending cocaine dosing schedule or saline results in a similar magnitude of extinction This experiment was designed to investigate whether reconditioning mice with a descending schedule of cocaine following CPP induction would be as effective as traditional extinction training in which saline is used to extinguish cocaine CPP. No differences were found on locomotor activity between any of the groups (data not shown) The magnitude of extinction (x test/post-test 1) was calculated as the ratio of post-test 1 cocaine-side preference remaining on post-test 2 (post-reconditioning), on free exploration day 1 or free exploration day 2. A two-way repeated measure ANOVA [conditioning history × time; repeated measures: post-test 1 (preference test), post-test 2, free exploration day 1, and free exploration day 2] was employed to investigate statistical differences. The outcome of extinction training on preference expressed (ratio of seconds spent on the cocainepaired side during x test/post-test 1), as the dependent variable, showed significant differences in time [F(3, 59)0 32.40, P<0.05 for all days and conditions; Fig. 3 ] but not treatment, and no significant interaction was observed. However, reconditioning with the descending (8, 4, 2, and 1 mg/kg) cocaine dosing schedule was equally effective as saline at extinguishing preference (Fig. 3) on the initial extinction test, as no significant differences were observed between extinction training conditions in any of the subgroups examined (F L -Sal, F H -Sal, Asc-Sal, F L -Desc, F H -Desc, and Asc-Desc).
Experiment 3: Extinction training by reconditioning with a descending cocaine dosing schedule attenuates stress-induced reinstatement of cocaine CPP Previously, Itzhak and Anderson (2011) demonstrated that a low-dose (3.5 mg/kg) priming injection of cocaine could reinstate cocaine CPP but only in mice that had been reconditioned with saline, regardless of initial conditioning experience. To assess the impact of reconditioning on stress-induced reinstatement, we utilized a moderate FS stressor to reinstate CPP (stress-induced reinstatement; Kreibich and Blendy 2004; Mantsch et al. 2010) . We hypothesized that reconditioning (with the Desc schedule or saline) and prior conditioning experience (F L , F H , and Asc) would affect the magnitude of stress-induced reinstatement.
A three-way ANOVA was used to analyze the effect of forced swim stress on cocaine CPP with conditioning group, reconditioning group, and reinstatement test group as the variables and with outcome of stress on preference expressed (seconds spent on the cocaine-paired side) as the dependent variable. There was no significant three-way interaction (P>0.05). There was a significant main effect of reinstatement test group (prior to free exploration day compared to test immediately following stressor) [F(1, 40)0 23.30, P<0.05], but no main effect of conditioning group (F L , F H , or Asc) or reconditioning group (Desc or Sal). There was a significant interaction of reconditioning group×reinstatement test [F(1, 40) 06.91, P<0.05], indicating reduced stress-induced reinstatement of CPP in mice exposed to the descending cocaine schedule during reconditioning (Fig. 4) . No significant interactions between conditioning and reinstatement test day or conditioning and reconditioning (P >0.05) were observed. No differences were found on locomotor activity between groups (data not shown). Fig. 2 Mice in the ascending dosing schedule display a higher magnitude of cocaine CPP compared to the F L or F H groups. All three groups showed a significant (* indicates p<0.05 when difference is within group) increase in the time (in second) spent on the cocainepaired side on the post-test compared to pretest. The ascending group showed a significantly higher magnitude of cocaine CPP (# indicates p<0.05 when difference is between groups) compared to the fixed-low and fixed-high groups. Data are represented as mean ± SEM; asterisk indicates p>0.05; n015-16 mice per group Experiment 4: Reconditioning with descending cocaine dosing schedule, but not saline reconditioning, attenuates cocaine-induced reinstatement of CPP We used a 3.5-mg/kg cocaine priming dose to induce reinstatement as that in Itzhak and Anderson (2011) , and we extended their study by (1) also examining a F L group and (2) assessing if cocaine-primed reinstatement occurs in mice that had previously undergone a stress-induced reinstatement test.
A three-way ANOVA was used to analyze the effect of a cocaine priming dose on cocaine CPP with conditioning group, reconditioning group, and reinstatement test group as the variables, and with outcome of cocaine prime on preference expressed (seconds spent on the cocaine-paired side), as the dependent variable. There was no significant three-way interaction (P>0.05). There were a significant main effects of reinstatement test group (prior free exploration day compared to test immediately following stressor) [F(1, 40) 017.14, P<0.05] and reconditioning (Sal compared to Desc) schedule [F(1, 40) 03.98, P<0.05], but there was no significant main effect of conditioning (F L , F H , or Asc) schedule. There was a significant interaction of test×reconditioning [F(1, 40) 06.89, P<0.05]. No significant interaction of conditioning schedule and testing day or conditioning schedule and reconditioning schedule (P>0.05) was observed. No differences were found on locomotor activity (data not shown). A SNK post hoc analysis reveals that reconditioning with a descending dose of cocaine (compared to saline) has a significant effect on cocaine prime-induced reinstatement ( Fig. 5 ; P<0.05). Fig. 3 In extinguishing cocaine CPP, both saline and a descending dosing schedule of cocaine are equally effective. All mice showed a significant within-group decrease in preference for the cocaine-paired side on the post-test following reconditioning (post-test 2) compared to initial preference observed in post-test 1. No significant differences were found between groups on the ratio of preference remaining for the cocaine-paired side on the post-test following reconditioning (post-test 2/post-test 1). Data are represented as mean ± SEM; asterisk indicates p>0.05; n07-8 mice per group Fig. 4 Reconditioning with descending cocaine doses blocked reinstatement of preference for the cocaine-paired side following a forced swim stressor. Saline-reconditioned mice all showed a significant within-group increase on the time spent on the cocaine-paired side during the stress-induced reinstatement test compared to the time spent on the cocaine-paired side during the free exploration session the previous day. None of the descending schedule-reconditioned mice show a significant increase in the time spent on the cocaine-paired side during the stress-induced reinstatement test compared to the time spent on the cocaine-paired side during the free exploration session the previous day. Data are represented as mean ± SEM; asterisk indicates p>0.05; n07-8 mice per group Fig. 5 Reconditioning with descending cocaine doses blocked reinstatement of preference for the cocaine-paired side following a priming injection of cocaine (3.5 mg/kg). Saline-reconditioned mice all showed a significant within-group increase in the time spent on the cocainepaired side during the cocaine-induced reinstatement test compared to the time spent on the cocaine-paired side during the free exploration session the previous day. None of the descending reconditioned mice show a significant increase in the time spent on the cocaine-paired side during the cocaine-induced reinstatement test compared to the time spent on the cocaine-paired side during the free exploration session the previous day. Data are represented as mean ± SEM; asterisk indicates p>0.05; n07-8 mice per group
Discussion
In the present study, we found that conditioning with ascending doses of cocaine (Asc; 2, 4, 8, and16mg/kg) resulted in higher levels of CPP compared to both low (F L ; 7.5 mg/kg)-fixed and high-(F H ; 16 mg/kg)-fixed conditioning doses of cocaine. During reconditioning, administration of either saline or descending doses of cocaine (Desc; 8, 4, 2, and 1 mg/kg) leads to similar levels of cocaine extinction, regardless of conditioning history. Our results demonstrate that reconditioning with descending levels of cocaine, but not saline, attenuates cocaine-and stress-induced reinstatement following the reconditioning sessions. Our results are in line with studies showing that human addicts take drugs in which the binge phase involves increasing amounts of cocaine consumption (Angarita et al. 2010; Gawin and Ellinwood 1989) .
This study aimed to replicate and expand on the important recent work by Itzhak and Anderson (2011) . Notably, we have expanded these data in four ways: (1) The previous study utilized an intercrossed strain of mouse (C57BL/6J + 129S1/ SvlmJ), while all experiments described here used the inbred C57BL/6J strain. (2) As described below, we incorporated a F L D group, which received equal total cocaine administration as the AscD group. (3) We replicated the effect of a priming dose of cocaine on reinforcement of drug seeking and demonstrated that the descending dosage schedule of reconditioning also protects against stress-induced cocaine seeking. This is crucial additional data, as priming-induced versus stressinduced reinstatement of drug seeking involve differential circuitry. (4) Finally, we utilized a slightly biased CPP paradigm in these experiments. While Itzhak and Anderson (2011) did not observe significant bias toward either the smoothfloored or rough-floored compartments of their CPP apparatus, we routinely observe a small but significant innate preference for the mesh-floored side of our apparatus (57.3 % initial preference for this side in the experiments described here, P<0.001). In order to minimize bias, we assigned saline injections to this initially preferred side, and cocaine was administered with exclusive access to the bar-floored side of the apparatus. Thus, mice must overcome this initial bias in order to show CPP. Additionally, we excluded any mice that demonstrated a greater than 33 % bias towards one side of the apparatus during the pretest (1/48 mice).
Conditioning mice with an ascending dosing schedule of cocaine results in higher levels of expressed preference for the cocaine-associated environment than with either F L D or F H D cocaine administration. Consistent with our findings, the Itzhak and Anderson (2011) study demonstrated that even accounting for higher, lower, and similar average daily dosing of cocaine during conditioning could not explain the differences they observed in the magnitude of cocaine CPP. One potential partial explanation of their findings is that the dose employed in their study was relatively high (16 mg/kg) and may be accompanied by more aversive properties. Indeed, other studies have demonstrated that administering fixed doses lower than 16 mg/kg results in more robust CPP (Mantsch et al. 2010 ). However, we found that even when total cocaine dosing in the F L D group (30 mg/kg total) was less than half the total dosing in the F H D group (64 mg/kg total), the magnitude of cocaine CPP was similar. Importantly, we found that although the ascending schedule group had the same total dosing as the F L D group and less than half that of the F H D group, the magnitude of CPP observed in the AscD group was significantly higher. Our results suggest that the schedule of dosing, but not the dose itself, may be a more important predictor of the magnitude of the CPP that is expressed. Recent studies have begun to explore the importance of using different dosing schedules of cocaine to better model addiction (Itzhak and Anderson 2011; Morgan et al. 2009; Zimmer et al. 2011) .
Extinction training with saline is a common procedure in reinstatement studies. Our data, however, demonstrate that reconditioning mice with a descending dose of cocaine during extinction is just as effective as saline in the magnitude of extinction that is achieved, regardless of the original conditioning schedule used. Over time, the rate of extinction is also different between groups; mice reconditioned with a descending dose of cocaine, regardless of conditioning history, and mice conditioned with an ascending dosing schedule of cocaine and reconditioned with saline showed a progressive decrease in preference for the cocaine-paired side over time. Our data suggest that the typical model employed in cocaine CPP paradigms of conditioning with a fixed dose of cocaine and extinction training with saline is a less effective approach to extinguishing preference for the cocaine-paired environment. Our results are consistent with a few recent studies (Itzhak and Anderson 2011; Marks et al. 2010; Panlilio et al. 2007) suggesting that when the expectation of reward is successively lowered (devalued), as may occur over the course of reconditioning with a descending dose of cocaine, an animal can learn and adjust their behavior. Although this idea runs counter to the compulsive and perseverative nature of drug-seeking behavior, to our knowledge, no study has directly addressed the hypothesis that operant cocaineseeking behavior can be attenuated with extinction training by reconditioning with a descending schedule of cocaine administration, and future studies should investigate the potential of this paradigm to alter the rate of extinction in contingent self-administration models.
It is important to note that this descending dosage paradigm reduces the length of time between the final drug administration and the post-test when compared to salinetreated animals. Thus, some of the apparent protective nature of the descending paradigm may be due, in part, to incubation of drug craving within the saline-treated group (Grimm et al. 2001) . Future studies will be needed to match the time of the last descending dose of cocaine with the final cocaine dose in saline-extinguished animals to determine if the protective effect of descending reconditioning is preserved. The descending dosage paradigm also could alleviate withdrawal symptoms, and this decrease in withdrawal may play a role in the observed protective effect. Further studies will be necessary in order to determine if withdrawal severity plays a role in the protective nature of the descending dosage schedule. In addition, further studies will be necessary to isolate whether the descending dose reconditioning paradigm is useful for reduction in reinstatement in an independent context than the initial conditioning cocaine doses.
In mice extinguished with a descending dose of cocaine, some resistance to reinstatement was observed. The ability to extinguish CPP by administering decreasing doses of cocaine in the cocaine-paired context may prove to be a more useful method of preventing relapse. Indeed, our results replicating and extending the work of Itzhak and Anderson (2011) suggest that many new avenues for investigation that may focus on questions of whether recall and reconsolidation of addiction memories are more labile when descending doses of the drug are present. Interestingly, Damphetamine is clinically being explored as a therapeutic tool for the treatment of cocaine dependence (Rush et al. 2009 ). Taken together, our results suggest a powerful influence of the pattern of drug exposure, but not the amount of drug, on the magnitude of preference expressed for a conditioned reward. Our findings may also have significant implications for the development of addiction therapies.
